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PROBLEM TO BE SOLVED: To enhance capacity and cycle characteristics by uniformly 
covering the surface of carbon particles used as the constituting element of a 
negative electrode with at least one thin layer of carbon having the crystal 
structure different from the carbon particles constituting the negative electrode. 

SOLUTION: In forming an amorphous carbon film on a crystalline carbon particle, 
graphite particles which are crystalline carbon particles are covered with a resin 
(phenol resin or the like) capable of being converted into amorphous carbon 
particles, then the resin is carbonized to obtain hybrid carbon particles. As the 
covering method, the graphite particles are immersed in a liquid-state resin, the 
surface of the graphite particles are covered with the resin, then are carbonized. 
Or, resin powder capable of being converted into an amorphous resin is uniformly 
mixed with the graphite particles, thermally decomposed by baking, thermally 
decomposed gas is deposited on the graphite particle surface, and an amorphous 
carbon film is formed on the surface. Or, hydrocarbon gas such as methane heated to 
thermal decomposition temperature or higher is passed through the graphite 
particles, and thermally decomposed carbon is formed on the graphite particles. 
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NOVELTY - A thin film consisting of hybrid mixture of graphite and non- crystalline 
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USE - For lithium ion secondary batteries. 
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(54) NEGATIVE ELECTRODE MATERIAL FOR LITHIUM ION SECONDARY BATTERY AND ITS 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance capacity and cycle characteristics bv uniformly covering the surface 

of carbon particles used as the constituting element of a negative electrode with a t least o ns thin lay^r nf 

carbon having t he crystal structure different from the carbon particles constituting the negative electrode. 
""SOLUTION: In formi ng an amorphous carbon film on a crystalline carbon particle, graphite particles which are 
crystalline carbon particles are covered with a resin (phenol resin or the like) capable of being converted into 
amorphous carbon particles, then the resin is carbonized to obtain hybrid carbon particles. As the covering 
method, the graphite particles are immersed in a liquid-st^ate resin, the surface of the graphite particles are 
covered with the resin, then are carbonized. Or, resin powder capable of being converted into an amorphous 
resin is uniformly mixed with the graphite particles, thermally decomposed by baking, thermally decomposed gas 
is deposited on the graphite particle surface, and an amorphous carbon film is formed on the surface. Or, 
hydrocarbon gas such as methane heated to thermal decomposition temperature or higher is passed through 
the graphite particles, and thermally decomposed carbon is formed on the graphite particles. 
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(57) l&ffo] (57)[ABSTRACT of the Disclosure] 



mm] [SUBJECT of the Invention] 

V£^t£ffiW?3M& : &Mlfc7b?£'$: By solving or reducing greatly the problems of 

♦SfCliiS'^S w t t-c J: <9 „ the prior art, the main objective is to provide a 

JIT 5 '^4 V ^^kK^kfitc y technique of obtaining a negative-electrode 

^V^ftHM^ft^W^r material for rechargeable lithium-ion batteries 

#5&$ff£r$§tfc"t~<5 ^ £ with high capacitance|volume and excellent 

i G'j £ -f S o cycle property. 

[iSPft^Sl [PROBLEM to be solved] 

Slj&&?-J:t^*iSitt/iiic*?SK(0 The negative-electrode material for 

fl^$c, $o £lf/^fz&^im&M rechargeable lithium-ion batteries using the 

^£T-.i:l£llS&JS £r'>& < t h hybrid carbon material by carrying out formation 

SMj^^'^t^^ t , 3oJ:t>V of a non-crystalline carbon thin film on a 

£ tc&M$&$L-l' t WMi'&M'M$L graphite grairTTand carrying out a gra"phite layer 

Z t K J; 5^ afleast 1 layer formation on a non-crystalline 

A y y KK^WI4^:ffll v /t x ) carbon particle, and/or carrying out uniform 

2^4 ^i/Z^W^M'hWt^ mixing of a graphite grain and the 

$5 £Xf%; (/^M&Jj&o non-crystalline carbon . particle, and its 

manufacturing method. 

imm&^mm [claims] 



mmni] [claim 1] 

jk%fc<Dffi$;M$$ h LTffiV^tt A negative-electrode material for rechargeable 

&Jx^ffiM$&^-Mm'iZ^fch%u lithium-ion batteries which coats uniformly at 

ftSia^SI o KiRcoWJRSriS— least one layer of the thin film of the carbon with 

'J?t£ < t ij^MWM. L~t & which this and crystal structure are different on 
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the carbon powder grain surface used as a 
constituent_element of a negative electrode. 



Uccoy &4 itv rjfcWMi 



[CLAIM 2] 

A graphite-powder grain surface is made to 
adhere uniformly with a liquid resin. 
A negative-electrode material for rechargeable 
lithium-ion batteries of Claim 1 which forms an 
amorphous charcoal raw thin film by 
bake-processing this. 



[W*g3] [CLAIM 3] 

afi3t&*Sfc-7-^©SrS(S*0; : Si" A negative-electrode material for rechargeable 

Z>^hlc£ty fl&RJ&fl&Oftf^tt lithium-ion batteries of Claim 2 which improves 

£t&^LT&MS$ r l2 {-Eic the sticking property of a liquid resin by 

<7)V ftyJ*4 -A-y z^M^faffi M surface-treating the graphite-powder grain 

W$o surface. 



nsit*« i kk«<e> y f *? & 
4 *y~iikmmmMmttc 



[CLAIM 4] 

A negative-electrode material for rechargeable 
lithium-ion batteries of Claim 1 obtained by 
bake-processing this to graphitized temperature 
and coating an easily graphized property resin 
on the difficult graphitized property resin powder 
grain surface. 



[CLAIM 5] < 

A negative-electrode material for rechargeable 
lithium-ion batteries which mixes uniformly a 
graphite-powder grain and an 
amorphous-carbon powder grain. 



[fr#*S6l [CLAIM 6] 

m^'M^L^^um^uit^ A negative-electrode material for rechargeable 

WHh^S^-T-^t^I— i^iS'a lithium-ion batteries which uniformly mixes a 

Cti£rg£j?£ LTfi^^Sifl: graphite-powder grain and a difficult graphitized 
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property resin powder grain and 
Bake-processes this and carbonizes a resin 
part. 



17] [CLAIM 7] 

MiaB^^L-l'M^^it^^^ A negative-electrode material for rechargeable 

-a?Sftf-i 9 iScij&'il'f 5 w <!: lithium-ion batteries of Claim 1 which forms an 

{^£V$MMJ% r M'M^&'M$.L amorphous charcoal raw thin film by 

X ft 5 fSsR*! 1 (cfBSfeO U ^ ^ surface-treating a graphite-powder grain 

i.'i'tyr^llIAi^ surface by a chemical gaseous-phase 

impregnating method. 



'>ft< <b 1>Hl»«LTft 



[CLAIM 8] 

A manufacturing method of a 
negative-electrode material for rechargeable 
lithium-ion batteries which coats uniformly 
further at least one layer of a thin film of carbon 
with which this and crystal structure are different 
on the carbon powder grain surface used as a 
constituent_element of a negative electrode. 



If*** 9] [CLAIM 9] 

HI&JfS&^ft-T- ^&%W$MMkZ- A graphite-powder grain surface is made to 

J: 9 Mtt^f adhere uniformly with a liquid resin. 

ffc'f &Zb^£ V W'wiW§< r MM A manufacturing method of a 

IS^^jS LTft&ff$*P{ 1 r-tcl negative-electrode material for rechargeable 

ifcco y ^^i^^^Z&fifiiiffi lithium-ion batteries of Claim 1 which forms an 

^ffiWcojKig^ife, amorphous charcoal raw thin film by 

bake-processing this. 



im^mi o] 



to y * A -f ^ A 



[CLAIM 10] 

A manufacturing method of a 
negative-electrode material for rechargeable 
lithium-ion batteries of Claim 2 which improves 
the sticking property of a liquid resin by 
surface-treating the graphite-powder grain 
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surface. 

Hm*fl 1 1 1 [CLAIM 11] 

mmQik&m^&M&J-Mmic A manufacturing method of a 
^rHlpfttt^H^ISffib, Zfc negative-electrode material for rechargeable 
&M'MkV&J£^V^f&LX%b lithium-ion batteries of Claim 1 obtained by 
tl&in^^ 1 i^lBiltO V f"^^ coating an easily graphized property resin on a 
4 ^y zZfoWfofflMWU^M^EL difficult graphitized property resin powder grain 
^*fe 0 surface and bake-processing this to graphitized 

temperature. 

[»#3gl2] [CLAIM 12] 

m^'M^'^^t^WMiWM'0 A manufacturing ' method of the 
fj$fc&l L &%)~~'KMl3 L"C&<5 negative-electrode material for rechargeable 
D 'A>Z:iKM:^M%M. lithium-ion batteries which mixes uniformly a 

It^Sif^fc graphite-powder grain and an 

amorphous-carbon powder grain. 

1 3 ] [CLAIM 13] 

m§&BMn^&£l$MMfrtt& A manufacturing method of a 

llilli^^^-^ia L, negative-electrode material for rechargeable 

zti%jfe$iLX$iftR3fr : $tffi'0ik lithium-ion batteries which uniformly mixes a 

y ^ $ ^ -f graphite-powder grain and a difficult graphitized 

y&^ikWtfftMMjjifeo property resin powder grain bake-processes 

this and carbonizes a resin part. 

4] [CLAIM 14] 

A manufacturing method of a 
J: V J & w t negative-electrode material for rechargeable 

\z £ 19 ^(SHS#i*IKSrtf^ U lithium-ion batteries of Claim 1 which forms an 
XtiZ>WM*K 1 t-dlEitO y ^£ amorphous charcoal raw thin film by 
A^f #>0#C®?tM^8^£7)j& surface-treating the graphite-powder grain 
iir^fe surface by the chemical gaseous-phase 

impregnating method. 

iwn^mmtmm] [detailed description of the 
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INVENTION] 



[ 0 0 0 1 ] [0001] 



im$&±<D$mftW] [INDUSTRIAL APPLICATION] 

iM^/M#f£ This invention relates to high 
Mfitifc y J'Vl*^ 2f~>Mlftti capacitance|volume, the negative-electrode 
^fflftffi^^^t>^c^Mis^^ material for rechargeable lithium-ion batteries 
\z.M'f%h<DX+h& 0 which was excellent in the cycle property, and 

its manufacturing method. 



[0 0 0 2] 



[0002] 



[PRIOR ART] 

A rechargeable lithium-ion battery is 1 type of 
the secondary cell which was excellent in a 
high-energy density, a storage property, and 
reliability. 

It is observed in recent years. 
However, when metal lithium is used for the 
negative-electrode active material of a 
secondary cell, the metal lithium of a needle 
crystal called a dent-torque write on the 
negative-electrode surface at the time of 
charging precipitates, this needle crystal might 
break through the separator and the internal 
short circuit might be caused between the 
positive electrode and the negative electrode. 
For this reason, the negative-electrode material 
which inserted lithium in the carbon material is 
used. 

As a carbon material used in this case, like an 
amorphous thing and graphite, there are some 
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which were crystallized highly. 
When the amorphous carbon material is used 
for the negative-electrode material for 
rechargeable lithium-ion batteries, capacity 
becomes bigger. 

However, cycle deterioration also becomes 
bigger. 

On the other hand, if graphite is used, a 

capacity wilt become smaller. 

However, since a cycle property is stabilized, in 

the negative-electrode material for the present 

rechargeable lithium-ion batteries, a graphite 

type is becoming in use. 

That is, the negative-electrode material for 

rechargeable lithium-ion batteries which made 

graphjte^ajiyjjt hium is LiC6 as a com position 

whose graphite intercalation was made to 

intercalate lithium. 

The theoretical capacity is 372 Ah/kg. 

An actual capacity is also before and after this 

value. 

In the negative-electrode material for 
rechargeable lithium-ion batteries from the 
amorphous carbon material which has poly 
acene structure on the other hand, it becomes 
600 to 800-Ah/kg high capacitance|volume. 
However, it is known that cycle deterioration will 
become a capacity below graphite remarkably if 
the number of cycles increases. 



[0 0 0 3] [0003] 

lft$tMfcWia£ffi~5^iS& I H^ An amorphous-carbon coating film is formed in 

{^{c^MiWMM^fM &ffZf& the carbon-particle surface which has 

ZLfi% ]) -XisziftMM graphitized structure, 

ffl^ffiW^ffl Wc4>£nco t> go t unexamined-Japanese-Patent No. 4-368778 

LTte\ ¥fTM¥4 - 3 6 8 7 7 and USP5344726 are one of those well-known 
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S&ckl^US P 5 3 4 4 7 2 6 which used this for the negative-electrode 
& &So L w jfe material for rechargeable lithium-ion batteries. 
"Ct'iSlf&te-T-^ffi^^D/^v^f However, by this method, the 
^^(Dmity^M^^ £r#iL ^amorphous-carbon coating film is formed in the 

w £ (-J: 9 HiSfe^ '^phite^~grain~-surface-~- by~bake=projce^s]ng 
SE'il ir^tfjffi^^II &frM L passing hydrocarbon gas, such as propane gas, 
~C^& 0 Z.<D-jjfei?\$ffiik7k^ on the graphite grain surface. 
tf^KilflS&tt-f 3SP#l-f*# By this method, it is easy to form an 
^kW^^W^i^MjS. LJcrv^N amorphous-carbon coating film in the part which 
Hft'ftT-ttSIIS^ #>3lfMfc contacts directly in hydrocarbon gas. 
?^±#^3j| LTV^tfli^Hifl However, since a graphite grain is aggregated, 
CVD&^ J t)oTlXt)i|]f even if it uses it as the part which graphite 
/J*c$§Mflf &:^J5eScL&v\> grains contact with a CVD method, it does not 

form an amorphous-carbon coating film. 

[0 0 0 4] [0004] 



imW^MlfcLXo b-f&Wk [PROBLEM to be solved by the Invention] 

M] Therefore, this invention, by the conventional 

tSoT. ttP/IHIM-^CVD CVD method, by carrying out adhesion of at 

feX*fc&btiftfr^tc}M'M$L-l~ least one thin-film layer from which it 

Ifen&lcJ&Bffb U"C/^o|Sfi^ii: homogenises on the carbon-particle surface 

^H&£iSli§^£^#< i:^^ which was not obtained, and crystal structure 

Jf BJi-Mif w t \c J: 9 iti differs, the main objective is to provide a 

^riL ^/M^ftt^Stlfcy negative-electrode active material for 

2*4 z~ljkM$LFR3k$&f£ rechargeable lithium-ion batteries which are 

4^K£ffi#t-"t~S ^ £ £r3£& excellent in high capacitance|volume and 

<t"f<5 0 cycle property. 



[0 0 0 5] [0005] 



immznmt hfc.fo<7)^m [MEANS to solve the Problem] 

*3S^#(iy ^i^^-Il^ Thisinventor 

®til£lftj!i£tt£ L~t\ Jii-#4""C As the negative-electrode material for 
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IZfo ^>M#tt<£>&&# rechargeable lithium-ion batteries, by 
ti)'K^^W*^^#® £ ^ ^ hybridizing the characteristics of the amorphous 
^±KMtiX\/^^>^i&^MX^h carbon material in which a cycle property is 
ft^aWRMU^k fr^-l^V inferior although it is high capacitance|volume, 
y Y\\L~t%> Z. t iz£ <9 -£c7)gK) and graphite carbon material which is low 
&itj$ L# 6 Eft Lfc c capacity although it is excellent in cycle 

property. 

[0 0 0 6] [0006] 

C V D feTilHiu^?-^ in the conventional CVD method, organic gas is 
iiri^'H^^^StL, ZLtDiS* passed on the graphite grain surface, an 
^W^M\z £ oTHfp^^StS amorphous-carbon coating film is formed in the 
M^tlS/^^Kfli^rJFMi"^^ 'graphite grain surface by thermal 
VfoZ?f\ Hf&J&^SE^SI^as decomposition of this gas. 
$MbfaUMX&#MMfM$M However, in a graphite-powder grain lump's 
l&<D]&f8.<D%ik8Z&I&?3:Z 0 ~tt£ surface layer and internal layer, the grades of 
fc>h, '&imM&#mMf%Mi0% formation of an amorphous-carbon coating film 
tf s ff<, foMM, b*)t>tt<P'b differ. 

8|5~C(ifS t h E(DW>-& ttmWk Namely, the amorphous-carbon coating film of a 
^W&<O^MM&1&$L\st£^\ surface layer is thick, and, in almost all cases, 

the coating layer of an amorphous-carbon 
coating film does not form it by the internal layer 
and division central part. 

[0 0 0 7] [0007] 

^^M^'i^M'MB^^-^xZ^ This inventor discovered that formation of a new 

US, t° yJ'tztfco^fflt&tDlft carbon coating film was made on the carbon 

Lit h (O *■& powder grain surface by thermal decomposition 

#$Ht#{S^T^&/$-r& £ h gas by bake-processing what mixed the powder 

fc£ Wt$%W ?-\z grain of organic types, such as a resin and a 

iffiLl-^W\z.ffitzt£l$MWfeV> pitch, uniformly in the carbon powder grain by 

- t £r^Lfcb Lfc 0 the non-oxidizing atmosphere. 

fcSV^^^ft^ft-7-^r?ft#t* Or the resin coat of the carbon powder grain 

filt + ldg i~Z t 9 fx^B^ surface is carried out by dipping a carbon 

^I'&M&ffifta^-- powder grain into a liquid resin, and the carbon 

£fer£1~5^ b\z£ coating film was formed by bake-processing 
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*&j8.£itiz 0 z corns, mm this. 

ni-mmi^MiM^m^B^m In this case, . it not only forms an 
$L1r2>&fr l 9 ~C&< , WmW$< amorphous-carbon coating film in the graphite 
M^Ll-MMi^B$u^MM(0]f^ grain surface, but it becomes as follows. 
t> "Itt'Cfc 5„ Formation of a graphite coating-film layer is also 

made on the amorphous carbon-particle 

surface. 



[0 0 0 8] 

ffittt~5fcfiD-CS>5 ; 1. :fi 



[0008] 

That is, this invention provides the following 
negative-electrode material for rechargeable 
lithium-ion batteries.; 

1. Negative-electrode material for 

rechargeable lithium-ion batteries which coats 
uniformly further thin film of carbon with which 
this and crystal structure are different on the 
carbon powder grain surface used as 
constituent_element of negative electrode even 
if few|small, and its manufacturing method. 



[0 0 0 9] [0009] 

2 Mlp^^fit'^tS^r^^W 2 Making the graphiterpowder grain surface 

*) {cUM&lt, ^ft adhere uniformly with a liquid resin. 

£rJfeiSc;1~£ ^ t fc J: <9 WmMw. The negative-electrode material for 

%$W%%%Mf$ LX?J:Z>±M X & 1 rechargeable lithium-ion batteries of said 

t-tiiiifeco ]i ^f-ty J±4 Jri/^- tkM claim|item 1 which forms an amorphous 

■ftLf&M$LU& J; (DM&Jj charcoal raw thin film by bake-processing this, 

fe c and its manufacturing method. 



[0010] 



[0010] 

3. Negative-electrode material for rechargeable 
lithium-ion batteries of said claim|item 2 which 
improves sticking property of liquid resin by 
surface-treating the graphite-powder grain 
surface, and its manufacturing method. 
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[0011] 

4. Coating easily graphized property resin on 
difficulty graphitized property resin powder grain 
surface, the negative-electrode material for 
rechargeable lithium-ion batteries of said 
claim|item 1 obtained by bake-processing this 
to graphitized temperature, and its 
manufacturing method. 



[0 0 12] 



[0012] 

5. Negative-electrode material for rechargeable 
lithium-ion batteries which mixes uniformly 
graphite-powder grain and amorphous-carbon 
powder grain, and its manufacturing method. 



[0 0 13] 

6. m^Mu^xxf. 



[0013] 

6. Mixing uniformly graphite-powder grain and 
difficulty graphitized property resin powder 
grain, the negative-electrode material for 
rechargeable lithium-ion batteries which 
bake-processes this and carbonizes' a resin 
part, and its manufacturing method. 



[0014] 



[0014] 

7. Negative-electrode material for rechargeable 
lithium-ion batteries of Claim 1 which forms 
amorphous charcoal raw thin film by 
surface-treating the graphite-powder grain 
surface by chemical gaseous-phase 
impregnating method, and its manufacturing 
method. 



[ 0 0 I 5 ] 



[0015] 



[EMBODIMENT fthetnv nti n] 
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.^M^fflt^jBf&ttK-S?*^ The crystalline carbon particle used for this 
U£l!(M&fc:ffi=j U ¥ft^Wxi~t& invention corresponds to graphite, and there is 

"Cf3$|V ^\ '^f'^^M 5 — no reason for limiting in particular. 
5 0m J: 9 M £ L < & 1 0 However, mean particle diameter of 5 to 50 
-3 0 /i mfiS'Cfc *9 N %f$M micrometers, more desirably, about 10 to 30 
fe\ AjfiJSfih ^r^^lSI, micrometers. 

IlipO^Mft^A^L^i/V^, ^ The kind of graphite, such as natural graphite, 
Fii11l3§/^5£if Lfd kco^H^ L artificial graphite, and a kish graphite, is not 
\j\ limited. 

However, that from which crystal structure 

developed is desirable. 



[0016] 

i«2 5 0 0°CRhcO&£T*H 



7« ^ k«ib, # 

ft if) «Sf'ftLfct#i 



[0016] 

With the non-crystalline carbon particle used for 
this invention, graphitized treatment is carried 
out at the temperature more than 2500 
degrees-Celsius, when measuring X-ray 
diffraction, a Raman spectroscopic analysis, 
etc., the carbon particle which shows difficulty 
graphite property is said. 
For example, it does not necessarily limit to 
what is hung up here. 

However, synthetic resins (phenol resin, 
furanformaldehyde resin, polyimide resin, 
polyparaphenylene resin, copna resin 
Or these copolymers ) 

The natural products (the rosin, various timbers, 
coal, heavy oil from petroleum, etc.) of the high 
thing of an actual carbon ratio are desirable 
when it carbonizes. 



[0 0 17] [0017] 

Hk\Z- ztib$<M%L-l'te$s§iffiT@f Next, as a method of forming in these carbon 
(Dig 5 j^^^flg£JM-f~ particles the carbon coating film from which 



t L~£\ fe!nt£#^^7-±^^ crystal structure is different, a crystalline carbon 
m'WMM^^^B^ £1£ <S SI'p coating film may be formed on the case where a 
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non-crystalline carbon coating film is formed on 
a crystalline carbon particle, and a 
non-crystalline carbon particle. 
As when forming a non-crystalline' carbon 
coating film on a crystalline carbon particle, a 
hybrid carbon particle is obtained by making a 
graphite grain coat the resins which can 
become said non-crystalline carbon, and 
carbonizing. 

As a method of coating, a graphite grain is 
dipped in liquid resins, and the method of 
back-carbonizing of coating resins is shown in 
the graphite grain surface. 
In this case, it depends for coated thickness on 
resin concentration. 

Moreover, the resin powder which can become 
a graphite grain and said non-crystalline carbon 
is mixed uniformly, it does not necessarily limit 
in particular. 

However, 400-1000 degrees-Celsius, thermal 
decomposition baking processing is carried out 
more desirably at 500-800 degrees-Celsius, 
there are some which formed the 
non-crystalline carbon coating film in the 
graphite grain surface by vapor deposition of 
thermal decomposition gas. 
In this case, the graphite grain and the 
non-crystalline carbon in which the 
non-crystalline carbon coating film was formed 
are intermingled. 

In addition, hydrocarbon gas, such as gas 
which thermally decomposes and generates a 
carbon, for example, methane, an ethane, a 
propane, a butane, ethylene, and acetylene, is 
passed on the graphite powder heated more 
than the thermal decomposition temperature, 
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D v K$*&7-&#S:frfet>® there is also a method of forming a pyrolytic 
3 Z. t ti^X* # & c carbon in the graphite grain surface. 

Such an approach is called chemical vapor 

deposition (CVD). 

However, the method of obtaining a hybrid 
carbon particle by the chemical gaseous-phase 
impregnating method (CVI) which can further be 
treated to homogeneity to the interior of a 
graphite-powder lump can also be taken. 



[0018] 



t IX 



[0018] 

As when forming a crystalline carbon coating 
film on a non-crystalline carbon particle, it coats 
with an easily graphized resin to the resin 
powder which can become said non-crystalline 
carbon, and all that is necessary is just to 
bake-process this to graphitized temperature. 



[0019] 



[0019] 



l^fflffl] [EXAMPLES] 

WTic^JiMfe^U ##W<£> An Example is shown below, the point by which 
h*t%>bZ 5 ^— MW\ h this invention characterized is clarified further. 



[0 0 2 0] [0020] 

Sfe&Kfiaj 1 Example 1 

spi&StS 1 5 p. m^HSS^fc-?- It makes ammonia a catalyst for the graphite 

(Snf!p®rflSESI : 0 . 6 7 10 grain (crystal intercalation distance: 0.6710 nm 

n m, JSi§r7-C9;fc:'# £ : 10 0 and size of a microcrystal : 100 nm or less) of 

nmJt^T) ^T>^^7^^M 15 micrometer of mean particle diameters, it 

lc LX-atffc Lfz^y^—^^^f 7* dips in a phenol-resin solution (25 wt% of resin 

<ny ^/~)VW&W®L (WASH solid contents, methanol 75 wt% solution) 

2 5wt% J— -iVl compound resol type, after carrying out the 

5wt%MW }:SL^ vacuum degassing lightly, it filtered and the 
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Lt^?) t^iS LTiil$<J^ excess phenol-resin solution was removed. 

7 31 y — /v$t$£¥&ffl.$:$L tyf&\<^ Subsequently, a precure was carried out for 24 

fzo ftv^'C2 4B#K1^E?IU-Tft hours in a drying machine after leaving it at 

ft LXBMLtzffi. 4 0 o Cc0fW£ room temperature for 24 hours and carrying out 

^B5£fmRS$rt"?2 4 at Pfl hot-air circulation type air drying at 40 

T'ffiWb L /c 0 £ k fd 1 5 0 °C degrees-Celsius at a constant temperature. 

£T*1 0 Q&fffllM'tXiB.tiZ&l: Furthermore, temperature was raised to 150 

# \^1t Q degrees-Celsius for over 100 hours, and it was 

hardened. 

[0 0 21] [0021] 

r (O J: o ic y ic j — /MMt"Cl!£ Thus, the graphite grain coated with the phenol 

M L?t#lfq$&-7 -^rT/i^'W/x resin was bake-processed over 8 hours in 

#HM T~C\ 7 0 0t argon gas atmosphere from room temperature 

'£X8tifWli)*tfX)&f&LX^4 to 700 degrees-Celsius, and the hybrid 

~? ] J v Vit LfcfM^^l^^'M^ carbon-particle powder which turned was 

mit 0 c\Zi%])?-$J+mmikm obtained. . 

UM^tikMMti^SiW ( (W) 1~Jf It is a charge-and-discharge measuring device 

/IBTS™2 00 4I 6 ) ^ffl for lithium-cell negative-electrode materials 

V\ ttSSFffiHJ-^ W.*— 4*^ (Nagano BTS-2004 type.) about this. 

— h'&X*3£$kWM$S&. 0 . 1 m Electrolyte investigated the 

A/ c m2 cD^fef s t : T"C^SES# charge-and-discharge property on conditions 

t&^ril^fcc with a charge-and-discharge style density of 0.1 

mA/cm2 by ethylene carbonate -based using 

this. 

[0 0 2 2] [0022] 

IfeSfiW 2 Example 2 

M&Hm®M1fr5 0 w t % ^ / It carried out like Example 1 except using 50 

—A- 5 0 w t %) £M& ? Pi^tt wt% (methanol 50 wt%) of resin solid contents. 

[0 0 2 3] [0023] 

MM$\3 - Example 3 

MMffll Xffl\t^tz.h<Dkfflffi<V It carried out like Example 1 except treating the 

4 0 0°Ct/)2£M#[S graphite powder similar to what was used in 
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SlTT?2 A^mWkit^Mrt Example 1 in 400 degrees-Celsius air 

^t'MMMl if^31f{-tTtfo atmosphere for 24 hours. 

[0 0 2 4] [0024] 

%H§MA Example 4 

W.\ k~ffy y J — /^fttHI t&;fi & 50 wt% of non-crystalline carbon powder and 50 

T T~C\ wt% of graphite powders similar to Example 2 

frh 7 0 0°C£~C8 ^W\fjAiX which bake-processed hardened phenol-resin 

SfeiS Lfc^dfett^c'^©^ 5 0 w powder over 8 hours in argon gas atmosphere 

t % t r MM%\ 2 t IhM$<D IRI&lBJ from room temperature to 700 degrees-Celsius 

•|;5 0wt%W-!:i^lT were mixed uniformly, and the. charge and 

1 t [^^(c^fetl&rfl^ discharge was investigated like Example 1 . 



[0 0 2 5] 

mm\ 5 

2 5 w t %, 7 5 

w t % t -t h vx^\vmm\ 4 1 



[0025] 

Example 5 

It carried out like Example 4 except making 
non-crystalline carbon powder in Example 4 into 
25 wt% and 75 wt% of graphite powders. 



[0 0 2 6] 

7 5 w t %, HfeJS* 2 5 
w t % i: J£JW*»fc0t] 4 i 



[0026] 

Example 6 

It carried out like Example 4 except making 
non-crystalline carbon powder in Example 4 into 
75 wt% and 25 wt% of graphite powders. 



[0 0 2 7] 

o w t %&&nwm 2 <r>w$b 
s o w t %*m-\zu& 



[0027] 

Example 7 

50 wt% of hardened phenol-resin powder and 
50 wt% of graphite powders of Example 2 are 
mixed uniformly, in argon gas atmosphere, it 
bake-processed over 8 hours from room 



Mi%LfPb7 0 0 c C£-C L 8fW^ temperature to 700 degrees-Celsius, and the 
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charge and discharge was measured like 
Example 1. 



[0 0 2 8] [0028] 

MM$\ 8 Example 8 

Wtrf h-y 3i J 7 It carried out like Example 7 except considering 

5 w t %$o£X]Z'MMffl2CO§i§u as 75 wt% of hardened phenol-resin powder, 

J&^2 5 w t%k1r&£k?\-\ZM and 25 wt% of graphite powders of Example 2. 

mm 7 tmmicLxn^tzs 



[0 0 2 9] [0029] 

HjKa#*J 9 Example 9 

$Uki*fy7 ^ J sisfitHmtfa^M 2 It carried out like Example 7 except considering 

5w t%i$&T$%t&$i2<D!&& as 25 wt% of hardened phenol-resin powder, 

7 5 w t % k1r&£l#\>\%i% and 75 wt% of graphite powders of Example 2. 



[0 0 3 0] 

MMM l 0 

5 0 v o 1 

T)^^Vi1'A 5 0 v o ] %\Z.tl 

xcv iii(7/i/r^ y / (ft) 
SFT-CV I 1 2 0 01) £ 
ffi^t80 OtOSSfl 0 0 
0 J* (C & 5 £ -C/ Mil 



[0030] 

Example 10 

Mixed gas is passed so that it may become 
propane-gas 50 vol% and argon gas 50 vol% to 
the graphite powder similar to Example 2, the 
pulse was treated, the hybrid carbon powder 
which turned was obtained, and the charge and 
discharge was measured like Example 1 until it 
became 1000 pulses at 800 degrees-Celsius 
temperature using the pulse CVI apparatus 
(FT-CVI 1200 type made from Full Tech). 



[0 0 3 1] [0031] 

'MMM 1 l Example 11 

3 , 5 — -A- l As opposed to 1 mol of 3,5 dimethylphenols, in 

M£ftL y -fafr-? V >\ . 5^e methanol solution (25 wt% of resin solid 

/i/ioWry^^TO, 0 0 2 contents, and methanol 75 wt%) of a resol 
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4 7<D3^ 5v ? ^f^7x7- 

frffimco* $ j -^wm (mm 

7 5 w t %). 4«[12 OO^r/' 

a. / * * m tth- y j -mm 

5 f-A7xy- /HW 

Itmi 5 0°C£T1 OWjMt 
T MS £ J::lf- $ Ttxmt-r* 7 

^T~e .1 2 1 2 0 

2 5 0 0t^TM. OB*RflT\h# 
/to :^J;^^IfM»fT 



xhoivison 
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DERWENT 

type 3,5 dimethylphenol resin that was 
compounded from 1.5 mol of formalin and 0.002 
wt% of ammonia, adding hardened 200 
mesh-passed phenol-resin powder, after often 
stirring, the vacuum degassing was carried out 
lightly and 3 and 5 dimethylphenol resin were 
coated on the hardened phenol-resin powder 
surface. 

Next, this is filtered, after removing excess 3 
and 5 dimethylphenol (resin) solution, the air 
drying of the hardened phenol-resin powder 
which coated 3 and 5 dimethylphenol resin was 
carried out at room temperature for 24 hours. 
Furthermore, in a 40 degrees-Celsius hot-air 
circulation type drying machine at a constant 
temperature, after carrying out a precure for 24 
hours, raising temperature over 10 hours to 150 
degrees-Celsius, of the hardened phenol-resin 
powder surface 3, 5 dimethylphenol resin 
hardening was carried out. 
Over 12 hours, to 1200 degrees-Celsius, 
temperature was raised and this was 
carbonized in argon gas atmosphere. 
It is made to further raise from room 
temperature to 2500 degrees-Celsius in argon 
gas atmosphere by the ultra-high temperature 
furnace in 10 hours. 

It was maintained at this temperature for 1 hour. 
Performing such graphitized treatment 
Obtaining the hybrid carbon powder which 
turned in which the easily graphized carbon 
coating film was formed on the difficulty 
graphitized-carbon powder surface, the charge 
and discharge was measured like Example 1. 
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[0032] 

Comparative Example 1 

The charge and discharge was measured like 
Example 1, without treating any similar graphite 
powders with having used in Example 1 . 

[0033] 

Comparative Example 2 

The charge and discharge was measured for 
the non-crystalline carbon powder which 
bake-processed hardened phenol-resin powder 
over 8 hours in argon gas atmosphere from 
room temperature to 700 degrees-Celsius like 
Example 1. 

[0034] 
[TABLE 1] 







jRttWfttnAh/g) 




< (X) 












1 


S 


1 


& 


1 


5 




440 


379 




165 


S3. 9 


96. 3 




445 


3 SO 


375 


375 


54. 3 


98. r 


*mm 3 


650 


430 


420 


413 


94. & 


96. 0 




7 6 5 


500 


430 


426 


56. 2 


86. 1 




653 


435 


438 


426 


65. S 


97. 9 




SSI 


663 


513 


462 


53. 9 


70. 7 


SftKfl 7 


85 2 


523 


496 


482 


58. Z 


92. 2 


$Mfl S 


973 


an 


511 


479 


53. & 


76. 4 




892 


4 B0 


439 


424 


48. 1 


SB. 3 




5Z4 


518 


489 


486 


93. 3 


G3. 8 




449 


440 


43S 


436 


96. » 


99. 1 


i 


425 


361 


360 


346 


B4. T 


96. 4 




717 


250 


294 


246 


41. 0 


9B. 4 



[0 0 3 2] 

[0 0 3 3] 

7 0 Ot;*tr8B#ra35^T 

[0 0 3 4] 
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Row (left to right): 
Charging capacity (mAh/g) cycle, 
Discharge capacity (mAh/g) cycle, 
Reversible efficiency (%) cycle, 
Column (top to bottom): 

Example 1 , Example 2, Example 3, Example 4, Example 5, Example 6, Example 
7, Example 8, Example 9, Example 10, Example 11, Comparative Example 1, 
Comparative Example 2 



[0 0 3 5] [0035] 



IWJWmW:} [ADVANTAGE of the Invention] 

i£ J; £ U ^ ^ K^ir^ZL The negative-electrode material for 

ftS^ffl^ffittfix rechargeable lithium-ion batteries by this 

•i^tcfiEtiTV^^ JfefESJrte: invention is excellent in the cycle property. 

%%&$H%L :: ?'&£T$tkWMik\$ However, although the graphite grain and 

? /M#t£r£#>£2£ discharge capacity inferior to a discharge 

MiMf$M&^'<nfc&%ffi7Ert : & capacity are large, they complement the fault of 

t>^~C&>£ c the carbon particle made from a non-crystalline 

inferior to a cycle property. 

[0 0 3 6] [0036] 

^$§#1 ftum&MM t Wmi According to this invention, a crystalline carbon 

&8i-M<Ds^4 f V y Y$fcW$ x ¥< and non-crystalline carbon hybrid carbon 

M§u&^ JrJZ.#fm^M$$ : M material, formation of a non-crystalline carbon 

fll^^^c, ^oXXJ^/^fz\t0Mi thin film is carried out on a graphite grain, and 

¥£MMffil'.i-A^B#aM&<^ft < formation of at least 1 layer on a non-crystalline 

th—Mfflf$ l &-&&Z.b^ carbon particle graphite layer is carried out, 

XI/ £ (iHi&ffi-T* h and/or, it consists of 3 method which carries out 

^ffi^&ty^-Win-ir&Sfefrb uniform mixing of a graphite grain and the 

fife S e 3 fe<Dfi!tii>* non-crystalline carbon particle. 

Mi^MMVfo&^§u$Llr<7)W)* The discharge capacity was able to be made 

• y ^f-ty ^y^LikW$l larger than the negative-electrode material for 

#]^fi£$f <£ 9 i>tkW®r1t 3 fc$:$ rechargeable lithium-ion batteries which these 3 
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< w bft"*lWib T^o/iio. Wl method any ones become only from the 
$f\c# ]) Tir >(D£ o fc'^MiM graphite grain which is a crystalline carbon. 
%^M<VW^ht£<b y J* -A 4 It is excellent in a cycle property rather than the 
$~ y ~7kMWlffl1k$&tf £ *3 negative-electrode material for rechargeable 
4 ? /i-¥f$£Kl$th, lithium-ion batteries which is simultaneously 

£Sf;#>6 r: t ^ "tfifch &o/h 0 made only of an amorphous -based carbon like 

a poly acene, charge-and-discharge efficiency 

were able to be raised. 
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